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 Introduction
 Heavy Water Challenge
 Swept-Frequency Acoustic Interferometry
 Results for Heavy Water Experiments
 Uranium Process Solution Challenge
 Results for Uranium and Nitric Acid Solutions
 Summary

Agenda
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 Leverage Laboratory scientific strength in 
physical acoustics for critical international 
safeguards applications

 Create hardware demonstration capability for 
noninvasive, near real time, and low cost 
process monitor to capture future technology 
development  programs

 Measure physical property data to support 
method applicability

Project Goals
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Heavy Water Production Monitoring:
A New Challenge for the IAEA
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Arak Heavy Water Production Facility
Girdler sulfide process + distillation JCPOA-130 metric ton limit
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Noninvasive Measurements in SFAI Cell
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Anton-Paar

Lab environment Field

SFAI: Swept-Frequency Acoustic 
Interferometry

- was developed 20+ years ago in our lab

Lab SFAI cell
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Large Scatter in Literature Values
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Conde, J. Chem. Phys. 76(7), 1 Apr. 1982
Gupta, J. Chem. Thermodynamics 1976, 8,627
Wilson, JASA 1961, vol 33, no. 3, 314
McMillan, JASA 1947, vol 19, no. 6, 956

Literature: old data D2O purity not well known
Large scatter
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Literature data at 25oC 
for ‘pure’ D2O show a 
scatter of about 5% in 
concentration.

*Wilson used 99.82% D2O

Large Scatter in Literature Values
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Highest Precision Sound Speed Data Available: 
New Standard in H/D
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!Reference data – calibration curve

We can measure accurate and precise 
sound speed, to the first decimal point

→ high precision/accuracy for D2O 
concentration, ~ 0.1%

nuclear reactor grade:
99.75–99.98% deuterium enrichment

*precisions of ± 0.2-0.4% using other methods, gravimetric, float bath, displacement, mass spectrometry, IR Spectroscopy, emission 
spectroscopy, nuclear magnetic resonance, cryoscopy, refractometry, etc.) 

~100 m/s
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~400 pts of data
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Calibration data taken with a Density and Sound Velocity Meter: 
Anton-Paar DSA 5000 M
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Noninvasive Measurements in SFAI Cell
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New funding from NA241 SGTech
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Uranium Solution Monitoring:
Inspired by IAEA Challenge in Kazakhstan
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Non-Invasive Acoustic-Based Monitoring of 
Uranium in Solutions
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Non-Invasive Acoustic-Based Monitoring of 
Uranium in Solutions
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1 measurement -> 2 variables
Sound speed and Attenuation

Sound speed alone does not uniquely identify U concentration 
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1 measurement -> 2 variables

Determining both Sound speed and Attenuation provides both 
concentrations of HNO3 and Depleted Uranium!

HNO3
molarity

Depleted Uranium
g/L
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 Developed methodology for 
in-situ and onsite verification 
of D2O inventory

 New method for U process 
solution verification -
Disruptive for process 
monitoring!!!

 Simple, low cost, modest 
electronics, easy deployable

Summary
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